Abnormalities in the silastic poppets of cardiac valve prostheses have been detected with increasing frequency. Ball variance can cause serious mechanical dysfunction of the prosthesis and can result in sudden death. Contour sound spectrograms were recorded on 12 patients with ball variance confirmed by operation and 25 controls. In ball variance the frequency of the aortic opening sound at the second right intercostal space was decreased, with the peak frequency recorded being below 1,300 cycles/sec in 11 of the 12 patients. The peak frequency was greater than 1,300 cycles/sec in 24 of the 25 control patients. The remaining patient had peak frequencies in both the normal and abnormal range. The diagnosis of aortic ball variance in patients with triple valve replacement remains difficult because of the nearly synchronous tricuspid closing and aortic opening sounds. The sound spectrographic findings have been the most reliable objective evidence of ball variance in patients with Starr-Edwards aortic prostheses of the Model 1000 series.
fluid lakes. Discoloration due to lipid infiltration, swelling of the poppet without impingement on the cage, and decreased elasticity of the silastic poppet are not included as ball variance because, while they may represent early stages of poppet transformation, they have not been found to cause mechanical dysfunction of the valve. This opening sotund (fia. 1, upper arrow) was determiiined from four or more cardiac cycles ini patienits withi ball var-iance aind in the conttrols.
The average peak fr-equency of aortic opening sound was determined at the 2RICS and at the apex. Heart beats wvith an R-R interval of less than 0.5 sec (rate greater than 120/min) were excluded from the study.
Results

Peak Frequency of the Aortic Opening Sound
The most frequent finding in ball variance is a loss of the hiigh frequency components of the aortic opening sound (AO). The SSG at 2RICS of a typical patient with ball variance is shown in figure 2 with the peak frequency of AO depressed to 700 cycles/sec. The peak frequency of AO at the 2RICS was less than 1,300 cycles/sec in 11 of the 12 patients with documented ball variance (table 1). The peak frequency at the same intercostal space was greater tlhani 1,300 cycles/sec in 24 of the 25 cases vithout ball variance (table 2). Figure 3 shows the distribution of the peak frequency of AO at the 2RICS in patients with ball variance and the control groups. The value for F resulting from an analysis of variance for Circulation, Volume XXXIX, June 1969 the control groups with the group wvith aortic prostheses of Model 1000 and 1200 series vas not significant (F = 1.12; df = 1.20). A test oxver group mean differences (NewmanKeuls procedure) indicated a significant difference (P < 0.005) betveen the patients with ball variance and the control groups. There was no significant difference between the control groups.
Only one patient (J.B., fig. 3 ; table 2) with peak frequencies of AO below 1,300 cycles/sec did not have ball variance at reoperation. However, he did have three records in the normal range and one SSG with a peak frequency of AO of 2,100 cycles/sec. The one patient given a false negative diagnosis (F.C. fig. 3 ; table 1) had a barium impregnated poppet and the diagnosis was made from radiographic findings. 2 A different sound spectrographic pattern was seen in one individual in whom the peak frequency of both the aortic opening and closing sounds were depressed ( fig. 4) . Similar findings on PCG have been previously described' and have been noted in three cases. 1-F ODEL 1200-H Figure 3 Ciz-cles indlicate the aver'age peak frequiency of aortic ovpcning, sottnd frotit onie sotund spectrogram recorded at 2RlCS. Connzected circles represenit the results of more thla one sounid spectrogram ont the saute patient.
The peak frequencies of the AO xvere in general lower when measured at the cardiac apex and showed more overlap between the groups with and without ball variance ( fig.  5 ).
Double Valve Replacement Figure 6 shows a normal SSG of a patient with mitral and aortic valve replacement. The peak frequency of the AO is 1,800 cycles/sec (arrow). Figure 7 shows the loss of the high frequency components of the aortic opening sound in a patient xvith double valve replacement. The peak frequency of the AO is 600 cycles/sec. Ball variance was documented at reoperation (Z.G., table 1).
Triple Valve Replacement Figure 8A shows the PCG of a patient with triple valve replacement who has simultaneous tricuspid closing (TC) and aortic opening (AO) sounds. Figure 8B shows the separations of TC and AO during inspiration. Figure   SC shows an increase in the initensity of thre mitral closing and tricuspid closing sounds following an atrial paced premature beat. The aortic closing sound is decreased in intensity during this beat.
Of the 17 patients with triple-valve replacement who had PCG, seven (41%) had simultaneous occurrence of the TC and AO. Only one of the 12 patients wvith ball variance (F.C., fig. 3 ) had a normnal SSG. Sound spectrogram of patient with mitral and aortic valve replacement. The peak frequency of AO is 600 cycles/sec. Abbreviations are the same as figure 6. results in the 12 cases. The low specificity of our phonocardiograph was partially due to its low frequency response (100 to 290 cycles/ sec).
Bircks and Loogen33 have described a decrease in the intensity of AO 
